A common approach to motion planning of robots and vehicles involves finding suitable trajectories for the positions of each configuration variable, and then using feedback to regulate the system to these trajectories. However, when the system has less actuator than dynamical degrees of freedom, it is not always possible to do this arbitrarily. In this paper a tracking control Lyapunov function (TCLF) is proposed to guarantee that the trajectory generation is convergent and executable under nonholonomic constraint, and the simulation result conducted on surface vehicle shows its effectiveness.
Introduction
Although the characteristic of nonholonomic mechanic system had been researched in a long time, its motion planning and control are being discussed in recently 20 years. Nonholonomic constrains equation reflects the major character of nonholonomic robot, and different forms of nonholonomic constrains determine different solutions to the motion planning and control of nonholonomic robot system. A common approach to motion planning of robots and vehicles involves finding suitable trajectories for the positions of each configuration variable, and then using feedback to regulate the system to these trajectories.
Various solutions to the nonholonomic motion planning and control were proposed in bibliography [1] and [2] , such as the triangular function input control, the time polynomial input control and so on. The condition and solution of chained form transformation were also introduced in those papers. The simple effective motion planning and control solution always are the hot topics in the nonholonomic robotic control field. Many motion planning and control ideas were proposed, but most of them were designed contraposing to the nonholonomic chained form system. At present, a motion planning idea was proposed in bibliography [3] to the nilpotenzable non-drift system as well as the unnilpotenzable non-drift system according to expansion system formed by Lie bracket operation. However, it was not practicable for higher dimension system to get the trajectory planning by the motion planning idea. In bibliography [4] , the sinusoid input control solution of higher dimension system was discussed. It was expounded that this kind of planning trajectory could be approached approximately by high-frequency sinusoid input control solution, and when the frequency went up to the infinity, the motion trajectory was converged to the planning trajectory. The control solution and stability of sinusoid input
In this paper, a new framework of motion plan of mobile robot is proposed to overcome the disadvantages using the concept of tracking control Lyapunov functions (TCLF).
Problem Statement
For motion control problems, the closed loop can be denoted as following standard state space form,
u ∈ » are system state vector and control input vector respectively, y d is desired output, here it can be the position vector; f i (.) and L i (.), l (.)∈C ∞ are system and constraint functions; ∏ i (.) is the constraint set. The constraints are necessary and important due to the following two reasons: 1) the state and input constraints are both unavoidable in real planted; 2) Eq. (6-5-1) is only an approximate model of real system, and the state constraints must be considered to ensure the validity of the designed tracking controller.
The problem of motion planning can be changed as finding out the desired output profile y i d (t) such that the following equation is satisfied
The Concept of TCLF
Taking y d as inputs, the motion planning problem is equivalent to the tracking controller synthesis problem. Thus, many nonlinear controller design strategies can be used to solve problem I. CLF is a new given concept to design nonlinear controller. In this section, we will introduce a generalized concept of CLF -TCLF.
Definition I (TCLF):
A 
where σ(.) is a class K function.
Proposition I,
» is a local continuous feedback tracking controller of system (1), and V(x,y d ,t) is a Lyapunov function of the closed loop system (1)- (2) . Then the following positively definite function
is a local TCLF of the following enhanced system, ( , ( , , )) ( ) ( ) ( , ( , , )) ( )
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where ς is a new defined variable vector; V ( , , ) d y t ς is a TCLF of the second sub-system of (6).
Proof:
V(x,x d ), as a Lyapunov function of system (1)-(2), means there exists a class K function σ(V) such that, 1 ( , ( , , )) ( )
Similarly, there exists some v i such that the following inequality is satisfied,
And if we compute the derivative of W along with the trajectory of system (1)and (2), we have, ( , , , ) ( , ( , , ))
From (9), we can obtain v i such that,
(11) It is obvious that (11) is equal to or less than zero, and the equality is satisfied if and only if
Thus, based on Definition I, (5) is a local TCLF of system (6) with the desired states for all [ ] , x ς in the following set,
where r m is the maximum r such that the projection of m r E in the state space of system (1) belongs to E 1 .
TCLF of the second sub-system of (6) is easily found since it can be designed as a system where the number of inputs and the number of outputs are equal.
Simulations
In this section we will take an unmanned surface vehicle as an simulation test bed, the kinematics and dynamics are as follows: the bounded desired trajectory is generated by the following system cos sin 0 sin cos 0 0 0 1 The simulation result is as Fig.1 . where the blue dashed line is the disired trajectory, and the black solid line is the regulated trajectory. We can see that TCLF based motion plan method can generate a reasonable path.
Fig. 5 The motion planning trajectory

Conclusions
This paper proposes a tracking control Lyapunov function based path planning for nonholonomic systems. The TCLF guarantee that the trajectory generation is convergent and executable under nonholonomic constraint and the simulation result conducted on surface vehicle shows its effectiveness.
